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A SUBSTAiNCE DELIVERY APPARATUS 

FIELD OF THE INVENHON 

The present invention relates to a substance delivery apparatus for use with a 
system for supplying breathable gas to a human or animal. 

BACKGROLT^ OF THE INVENTION 

Treaaneiir of Gbscracave Sksp Apnea (OSA) with Continuous Positive ,\iryay 
Pressure (CPAP) flow generator systems involves the continuous delivery of a 
breathable gas (generally air) pressurised above atmospheric pressure to a patient's 
airways via a conduit and a mask. CPAP pressures of 4cm H2O to 22cm H2O are 
typically used for treatment of OSA, depending on patient requirements. Treatment 
pressures for assisted ventilation can range of up to 32cm H2O and beyond, again 
depending on patient requirements. 

For either the treatment of OSA or the application of assisted ventilation or 
similar, the pressure of the gas delivered to patients can be constant level, bi-levei (in 
synchronism with patient inspiration) or auto setting in level. Throughout the 
specification reference to CPAP is intended to incorporate a reference to any one of, or 
combinations of, these forms of pressurised gas supply. 

It is difficult to administer substances such as medicines to patients undergoing 
CPAP treatment without interrupting the treatment by removing the gas supply mask. 

It is an object of the present invention to ameliorate the above disadvantage, 

SUMMARY OF THE INVENTION 

In a &st aspect, the present invention provides a substance delivery apparatus 
for use with a system for supplying breathable gas to a human or animal, the apparatus 
including: 

means to measure the pressure of the supplied breathable gas; 
means 10 detect inhalation by the human or animal; and 
means to deliver the substance to the human or animal during inhalation at a 
pressure higher than the supplied pressure of the breathable gas. 
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In a second aspeci the invenaon provides a mibod of delivering a substance to 
a human or animal being supplied with breathable gas, the method includes the steps of: 

measuring the pressure of the supplied brcadiabie gas; 

detecting inhalation by the human or animal; and 
5 delivering the substance to the human or animal during inhalation at a pressure 

higher than the supplied pressure cf the breathable gas. 

The substance is preferably a medicinal substance and, desirably, in the form 
of a gas, mist, aerated suspension, jet, spray, gas mixture or the like. 

The substance is preferably delivered to the respiratory system of the human or 
10 animal and, in particuiar, to the nasal airways. 

The supplied breathable gas is preferably pressurised above atmospheric 
pressure. 

The system for supplying the breathable gas preferably includes a pressurized 
gas flow generator in fluid communication with a mask worn by the human or animal 

15 via a flexible conduit:, and the inhalation detection means includes an airflow sensor 
adapted to measure the volumecric flow rate of the breathable gas passing through the 
conduit and generate a first input signal indicative of the breathable gas flow rate. The 
term mask is herein understood to include facemasks, nosemasks, mouthmasks, 
apenditures in the vicinity of any of these masks and the like. 

20 The first signal is preferably amplified by a first amplifer into a second input 

signal also indicative of the gas flow rate. A derivative of the first signal is also 
generated by a differentiating filter to determine the acceleration or deceleration of the 
gas, which is indicative of mhalation or exhalation respectively, and is represented by a 
diird input signal, 

25 When the airflow sensor is disposed downstream of the mask's vent to 

atmosphere then inhalation can be detected by sensing a reversal of the direction of the 
gas flow through the vent. Inhalation can also be detected by sensing an interruption of 
the gas flow. 
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The apparatus preferably also includes means to measure the volume of the 
substance to be delivered to the human or animal. 

The pressure measuring means is preferably a pressure transducer connected to 
the conduit which is adapted to generate a fourth input signal indicative of the pressure 
5 of the gas in the conduit. The fourth input signal is preferably amplified by a second 
amplifier into a fifth input signal also indicative of the gas pressure. 

The substance delivery means is preferably a positive displacement pump, most 
preferably a diaphragm pump. The diaphragm pump is desirably in fluid 
communication with a substance reservoir via a one-way valve adapted to allow the 
10 substance to only pass firom the reservoir to the pump. The pump is preferably also in 
fluid communication with the gas supply conduit via a one-way valve adapted to allow 
the substance to only pass from the pump to the conduit. 

The diaphragm of the pump is desirably displaced by a linear drive means 
which, in one form, may take the form of an electromagnet. In other forms, a rotary 
15 drive means such as an electric DC motor, an electric AC motor, a stepper motor, or a 
brushless motor are used with a rotary to linear converter interposed between the rotary 
drive means and the diaphragm pump. 

The apparatus preferably also includes a first cotitrol system adapted to receive 
the second, third and fourth input signals. The control system preferably also includes 
■ 20 input means adapted to allow the input of a predetermined sixth input indicative of the 
volume of the substance to be delivered and a predetermined seventh input signal 
indicative of the amount by which the pressure of the delivered substance should exceed 
the pressure of the supplied breathable gas. The furst control system is preferably 
adapted to receive the second, durd, fifth, sath and seventh input signals to calculate 
25 and generate a first output signal indicative of the amount of displacement of the linear 
or rotary drive means and a second output signal indicative of the direction of the 
displacement required to produce negative or positive pumping pressure. 

The first and second output signals are preferably sent to a second control 
system which convert them into third and fourth output signals indicative of drive 
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means displacement and direcaon respectively, the third and fourth output signals being 
compatible with the linear or rotary drive means. 

Preferably, the &st and second output signals are sent to a second control 
system adapted to convert them into third and fourth output signals indicative of drive 
5 means displacement and direction respectively, the third and fourth output signals being 
compatible with the linear or rotary drive means, 

The input and ouq)Ut signals can be analog, digital or the like. 

The described embodiments have been developed primarily for use in 
delivering medicinal substances to patients usmg Continuous Positive Airway Pressure 
10 (CPA?) gas delivery systems in, for example, the treatment of Obstructive Sleep Apnea 
(OS A) or similar sleep disorder breathing conditions. 

The invention will be described hereinafter with reference to these 
applications. However, it will be appreciated diat the invention is not limited to this 
particular field of use. As examples, the invention may also be used in conjunction 
15 with suitable mask and gas delivery systems for other treatments such as assisted 
ventilation, assisted respiradon or mechanical ventilation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodnnents of the invention will now be described, by way of 
example only, with reference to the accompanying figures in which: 
20 Figure 1 is a schematic diagram of a substance delivery apparatus according to 

a first embodiment of the invention; 

Figure 2 is a schematic diagram of a substance delivery apparatus according to 
a second embodiment of the invention; 

Figure 3 is a schematic diagram of a substance delivery apparams according to 

25 a third embodiment of the invention; 

Figure 4 is a schematic diagram of the apparatns of Figure 3 during inhalation; 
Figure 5 is a schematic diagram of the apparatus shown in Figure 3 during 
exhalation; 
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Figure 6 is a panial scheniadc diagram of a substance delivery ^paiatus 
according to a founli embodimeirt of the invention; and 

Figures 7a, 7b and 7c are partial schematic diagrams of a substance delivery 
apparatus according to a fifth embodiment of tiie invention. 
5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring firstly to Figure 1, there is shown a first embodiment of a substance 
delivery apparatus 10 according to the invention. The apparatus 10 is used with a 
system, indicated generally at 12, for supplying air, indicated by arrow 14, to a h'iman 
patient (not shown). The system 12 includes a pressurised gas flow generator 16 in 
10 fluid communication with a mask 18 via conduit 20. 

The apparatus 10 includes a means to measure the pressure of the air 14 and to 
detect patient inhalation, in the form of an air flow sensor 22. The sensor 22 is 
interposed in the conduit 20 between the mask 18 and the pressurised gas flow 
generator 16. The airflow sensor 22, in the form of a fixed orifice, is connected to an 
15 electronic flow transducer 24. A variable orifice, venturi tube, Pitot mbe or mbes 
bundle can also be used to sense airflow. The transducer 24 generates a first electrical 
input signal 26 indicative of the flow rate of the air 14 passing throv^h the conduit 20 
which is sent to a first flow signal processing amplifier and differentiating filter 28 
which in turn generates second and third hipxxt signals 30 and 32 respectively. 
20 The second input signal 30 is an amplified version of the first input signal 26. 

The third input signal 32 is the derivative of the furst signal 26, with acceleration and 
deceleration being respectively indicative of inhalation or exhalation. When a patient 
inhales they apply suction to the air being delivered thus causing acceleration. Upon 
exhalation the air being delivered is obstiucted by the exhaled air flowing in the 
25 opposite direction thus causing deceleration. 

An ail pressure transducer 34 is also connected to the conduit 20 and generates 
a fourth electrical input signal 36 indicaUve of the pressure in the conduit. The fourth 
Signal 36 is delivered to an ah: pressure processing amplifier 38 which generates a fifth 
input signal 40 also indicative of the pressure in the conduit 20. 
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The second, third and fifth input signals 30, 32 and 40 are fed to a first control 
system 42. The first control system 42 also receives sixth and seventh predetermined 
input signals 44 and 46 from manual mpixs 48 and 50 in the form of potentiometers 
accessible by a system operator. Variable resistors can also be used as the manual 

s ingnts. The sixth input signal 44 is indicative of die volume of substance to be 
delivered to the mask during each inhalation cycle of the patient. The seventh signal 46 
is indicative of the amount by which the delivery pressure of the substance is to exceed 
the measured pressure of the air 14 in the conduit 20. 

The means to deliver a substance 52 to the mask 18 includes a substance 

10 reser/oir 54 connected by conduit 56 to diaphragm pump 58 having a flexible 
diaphragm 60. A one way valve 62 is interposed between the reservoir 54 and pump 
58 and permits the substance 52 to only enter the pump 58, The pump 58 is in fluid 
communication with the conduit 20 by virtue of conduit branch 64 and one way valve 
66 which allows the substance 52 to pass from the pump 58 to the conduit 20, 

IS The stroke of the diaphragm 60 is controlled by an electromagnet drive means 

68, in the form of a magnet 70 connected to the centre of the diaphragm 60 and 
surrounded by electrical windings 72. The drive means 68 are controlled by a second 
control system 74. 

In response to receiving the second, third, fifth, sixth and seventh input 
20 signals, the &st control system 42 generates first and second output signals 76 and 78, 

respectively indicative of the electromagnet displacement magnituce and direction. 

Displacement in the direction of arrow 80 draws the substance 52 into the pump 58. 

Displacement in the direction of arrow 82 causes the substance 52 to be pumped into 

the conduit branch 64 and thereafter the conduit 20. The output signals 76 and 78 arc 
25 received by the second control system 74 which issues third and fourth output signals 

84 and 86 respectively, which are compatible with the drive means 68. The third 

output signal 84 is indicative of the amount of displacement of the electromagnet 68 and 

the fourth signal 86 is indicative of the displacement direction. 
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In use. when the system is switched on, breathable air 14 is supplied by the 
gas flow generator 16 to the mask 18 via the conduit 20 so the patient may breathe. 

As the patient inhales, an analogue to digital converter (not shown) in the 
control system 42 samples the air flow information of the first input signal 30 over a 

s few breaths and stores it in a memory (not shown). The stored values are integrated 
with respect to the time of the inhalation portion of their respeciive breathing cycle. 
The integrated value is the tidal volume of each breath and is also stored in the 
memory. The stored values of the tidal volume are averaged over a small number of 
breaths to provide an average value of die tidal volume. 

10 From the average value of the tidal volume and the setting of the manual input 

48 the volume of the substance 52 (ie, the drug or gas) to be delivered for each breath 
is calculated. Tne control system 42 also calculates the magnimde of the current to be 
applied to the windings 72 of the diaphragm pump 58. 

When the third input signal 32 indicates exhalation, the control systems 42 and 

15 74 calculate and issue the third and fourth output signals 84 and 86 to the windings 72. 
The direction of the current applied to the windings 72 causes the magnet 70 and the 
diaphragm 60 to be displaced in the direction of the arrow 80 to the position shown by 
phantom line 87. This movement of the diaphragm 60 draws the substance 52 past the 
one way valve 63 and into the pump 58. The magnitude of the current applied to 

20 windings 72 is proportional to the displacement of the diaphragm 60 and also therefore 
the volume of gas drawn into the pump 58 which is delivered to the patient during the 
next inhalation cycle. At the end of the patient exhalation cycle the current applied to 
the windings 72 remains constant and the magnet 70 and diaphragm 60 remain as 
indicated by line 87. 

25 When the third input signal 32 indicates inhalation, the control systems 42 and 

74 reverse the current flowing into the windings 72, thereby displacing the magnet 70 
and the diaphragm 60 in the direction indicated by the arrow 82 to the position shown 
by phantom line 89. This movement forces the substance 52 from the pump 58 through 
the one way valve 68 and conduit branch 64 into the mask 18. 
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The air pressure of die gas 14 in the conduit 20 is exceeded by the pressure of 
the substance pumped chrough conduit branch 64. The supply pressure of the substance 
52 is calculated by the control system 42 and is the sum of the pressure measured by 
pressure transducer 34 in conduit 20 and the pressure increment set by mj^T^ii^I input 48, 
5 The substance 52 is then delivered to the patient via the conduit 64 and the mask 18. 

A second embodiment of the present invention is shown in Figure 2, in which 
like reference numerals are used to indicai£ like features. 

The first control system 42 of the second embodiment incorporates a 
microcontroller 92 and a linear position transducer 94 connected to the magnet 70 to 
10 provide a feedback signal 96 indicative of the position of the magnet 70 and the 
diaphragm 60, to which it is connected. 

The two manual inputs 48 and 50 are replaced by a digital control panel 98 
with: a three digit digital display 100; three push burtons: Mode 102, "-r" 104, 
106; and thres LEDs ro indicate the mode selected: Volume 108, Delivery Pressure 
* 16 110 and Run 112. 

The operation of diis system is generally similar to the description above 
except where indicated below. 

Successive depression of the Mode push button 102 cycles through the three 
modes of operation: Volume, Delivery Pressure and Run. 
20 When Volume or Delivery Pressure is selected, the digital display 100 

indicates the current setting of that parameter. This value may be modified if required 
by operating either of the two push buttons " + M04 or 106. 

When Run is selected, the parameters stored in the memory of the 
microcontroller 90 calculate the desired position of the magnet 70. This is then 
25 compared with the actual magnet position indicated by the linear position transducer 94. 
Any difference produces an error signal that is used to conect the position of the 
magnet 70 to the desired position. 

A third embodiment of the present invention is shown in Figures 3 to 5, in 
which lilce reference numerals are again used to indicate like feamies. In this 
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embodiment, the flow processing amplifier and differentiating filter 28 again detects the 
onset of inhalation by sensing a change in the rate of flow (ie, the acceleration or 
deceleration) of the gas flowing past the sensor 22. 

The output signal 120 from the amplifier filter 28 of this embodiment is active 
s when the onset of inhalation is detected and remains active for the duration of the 
inhalation portion of the breathing cycle. The ou^ut signal 120 from the air^lifier 
filter 28 is not active for the exhalation portion of the breaihing cycle. 

The output signal 120 is supplied to a driver stage 122 and an inverter stage 

124. 

10 When the output signal 120 is acrive, during inhalation, the driver stage 122 is 

active and applies power to an electromagnetic windmg 126 through a connecrion 128. 
When the output signal 120 is inactive, during exhalation, the inverter stage 124 
supplies a drive signal 130 to a driver stage 132. The driver stage 132 is activated and 
supplies power to an electromagnetic winding 134 through a connecticQ 136. 

15 A magnetic core 138 is located within the electromagnetic winding 126. 

Similarly, a magnetic core 140 is located within the electromagnetic winding 134. 

The magnetic core 138 and the magnetic core 140 are connected by a 
connecting rod 142 which is also connected to a sliding spool valve 144. 

When die winding 126 is energised through the connection 128 the magnetic 

20 core 138 is displaced in die direction of arrow 150 and pulls widi it the spool valve 144 
and core 140. 

When winding 134 is energised through comiection 136 the magnetic core 140 
is displaced in the direcdon of arrow 152 and pulls with it the spool valve 144 and core 
138. 

2s The body 154 of the spool valve 144 is connected to the gas flow generator 16 

through a branch conduit 156 connected to the conduit 20. 

A diaphragm motor 157 is comprised of housing halves 158 and 160 separated 
by a diaphragm 162 which., defines cavities 164 and 166. A diaphragm pun^ 168 is 
comprised of housing halves 170 and 172 separated by a diaphragm 174 which defines 
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cavities 176 and 178. The cavity 164 is connected to the spool valve body 154 by a 
condxiit 182. The cavity 166 is connected to the spool valve body 154 by a conduit 
184. The cavity 176 is open to atmosphere. The cavity 178 is connected to the source 
54 of the substance 52 to be delivered by the conduit 56 and the one-way valve 62. 
5 The cavity 178 is also connected to the mask 18 by the conduit 64 and the one-way 
valve 66. 

The motor diaphragm 162 and the pump diaphragm 174 are connected by a 
connecting rod 186. The connecting rod 186 passes through an air sealed bearing (not 
shown) between cavities 166 and 176. 

10 An adjusting screw 138 is located on the top of housing halve 158. 

With reference to Figure 4, the operation of the apparanis will be described 
during the inhalation portion of the breathing cycle- 
As the patient start to inhale, the second output signal 120 from the flow 
processing amplifier 28 is set to active and activates the driver stage 122. The invener 

15 stage 124 is inactive and magnetic core 140 is free to move. The driver stage 122 
sxqjplies power to the electromagnetic winding 126 through connection 128. The 
magnetic core 138 is forced in the direction of the arrow 150 and with it the spool valve 
144. The air 14 now flows from the branch conduit 156 into the spool valve body 154 
and is diverted by the spool valve 144 through the coi^uif 182 and into the cavity 164. 

20 The pressure of the air entering the cavity 164 forces the motor diaphragm 162 in the 
direction of arrow 190 and with it the pump diaphragm 174. The cavity 178 is abready 
filled with the substance 52 to be delivered to the mask 18. 

The displacement of the pump diiphragm 174 into the cavity 178 increases the 
substance pressure, closes the one-way valve 62, opens the one-way valve 66, and 

25 forces the substance 52 into the conduit 64. The conduit 64 is in fluid communication 
with the conduit 20 and the mask 18 and the substance 52 is thereby delivered to the 

mask 18 and the patient. 

With reference to Figure 5, the operation of the apparams will be described 

during the exhalation portion of the breathing cycle. 
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As the patient start to exhale, the second ou^t signal 120 from the flow 
processing amplifier 28 is set to inactive. The driver stage 122 is not activated and 
power is not supplied to the electromagnetic winding 126 through connection 128. The 
magnetic core 138 is therefore free to move. As the output signal 120 from the flow 

5 processing amplifier 28 is now inactive, the inverter stage 124 turns its ou^ut signal 
130 to active and activates the driver stage 132. The driver stage 132 supplies power to 
the electroroagnetic winding 134 through the connection 136 and the magnetic core 140 
is forced m the direction of the arrow 152 and with it the spool valve 144. The air 
flows from the branch conduit 156 into the spool valve body 154 and is diverted by the 

0 spool valve 144 through the conduit 184 into the cavity 166. The pressure of die air in 
the cavity 166 forces the motor diaphragm 162 in the direction of arrow 192 and with it 
the pump diaphragm 174. The displacement of pump diaphragm 174 into cavity 176 
produces a vacjum in caviry 178, closes the one-way valve 66, opens the one-way 
valve 62, and draws the substance 52 duough the conduit 56 into die cavity 178. 

5 The movement of the motor diaphragm 162 and pump diaphragm 174 is 

limited by the adjusting screw 188. The setting of the screw 188 governs the maximum 
displacement of the motor diaphragm 162 and pump diaphragm 174 in direcdon of die 
' arrow 192, diercfore controlling the volume of die substance "52 able to be drawn into 
the cavity 178 for delivery to die patient during the next inhalation. 

20 The pump diaphragm 174 is smaller in area than die motor diaphragm 162. 

Accordmgly. a given pressure supplied to motor diaphragm 162 will produce a greater 
pressure from die pmnp diaphragm 174. Therefore, the pressure deUvered by die pump 
diaphragm 174 into die conduit 64 and the patient mask 18 will always exceed die 
pressure of die gas in the conduit 20. The ratio between the pressure in the conduit 20 

2S and die conduit 64 is proportional to die ratio between die area of die diaphragms 174 
and 162. 

In anodier embodiment (not shown) die motor diaphragm 157 is replaced by an 
electric motor, such as a stepj^ motor, controlled by a control system to provide more 
accurate delivery of die substance 52. 
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A fourth embodiment of the present invention is shown in Figure 6, in which 
like reference numerals are again used to indicate like features. This embodiment is for 
use in conjunction with a bi-Ievel CPAP flow generator (not shown) that delivers 
breathable gas at a relatively high treatment pressure to the mask during patient 

5 inhalation and at a relatively low treatment pressure during exhalation. The applicant 
markets such a bi-leve! system under the trade mark V?AP. 

This embodiment includes a motor cylinder 200 having a slidable piston 202 
which defmes cavities 204 and 206. A pump cylinder 208 is also provided having a 
slidahle piston 210 which defmes cavides 212 and 214. The pistons 202 and 210 are 

10 connected by a connecting rod 216 which passes through an air sealed hearing 218. 

The cavity 204 is connecad to the conduit 20 by the branch conduit 156. The 
cavities 206 and 212 are open to atmosphere. The cavity 214 is connected to the source 
54 of the substance 52 by ±s conduit 56 via the one-way '/alve 62. The cavity 214 is 
also connected to the mask 18 by the conduit 64 and the one-way valve 66. 

1 5 The pistons are biased in the direction of arrow 220 by a spring 222. 

The operation of the apparams shown in Figure 6 will now be described. 
Durmg exhalation, relatively low pressure gas is passing through conduit 20 which 
generates only a small amount of force on the piston 202. The spring 222 overcomes 
this force and drives the pistons 202 and 210 m the direction of the anow 220 thereby 

20 creating a vacuum in cavity 214. The vacuum draws the substance 52 past the one-way 

valve 62 and into the cavity 214. 

During exhalation, relatively high pressure gas is passing through the conduit 
20 which generates enough force on the piston 202 to overcome the spring 222 and 
drive the pistons 202 and 210 in the direction of arrow 224. This forces the substance 
25 in the cavity 214 past the one-way valve 66 and into the mask 18 via the conduit 64. 

The surface area of the piston 202 is larger than that of the piston 210 and the 
pressure generated by the piston 210 will therefore exceed that applied to the piston 
202. Accordingly, the substance delivery pressure will always exceed the pressure 
produced by the flow generator during the inhalation phase of the breathing cycle. The 


ratio between the surface areas of the pistons 202 and 210 is proportional to the ratio 
between the breathable gas pressure and the substance delivery pressure. 

A fifth embodiment of the present invention is shown in Figures 7a, 7b and 7c. 
The fifth embodiment is essentially a modification of the fourth embodiment so it will 
work with a constant pressure flow generator. 

The fifth embodiment includes a control valve 230 interposed between the 
conduit 20 and the motor cylinder 200. The valve 230 includes an inlet 232 connected 
to the conduit 20, a first oudet 234 coraiecsd to the cavity 204 and a second outlet 236 
open to atmosphere. 

The valve 232 is controlled by an electronic valve controller 238 which 
receives a signal 240 indicative of inhalation or exhalation, as discussed with respect to 

earlier embodiments. 

When the signal 240 indicates inhalation, the controller 238 causes the valve 
230 to move to the position indicated in Figure 7b. In this position, the air 14 is 
diverted into the cavity 204 causing the pistons to move in the direction of the arrow 
224 and the substance 52 to be pumped into the mask 18, as previously described.. 

When the signal 240 indicates exhalation, the controller 238 causes the valve 
230 to move to the position shown in Figure 7c. In this position, the air in the cavity 
204 is vented to atmosphere as the pistons move m the direction of the anow 220 under 
the influence of the spring 222. As previously described, this movement also causes 
the substance 52 to be drawn into the cavity 214. 

The present invention, at least in preferred forms, provides a measured 
substance dose to a human or animal during inspiration only, thereby gready reducing 
drug wastage. 

The preferred apparams also allows the substance to be delivered to the patient 
without interrupting CPAP, or similar treatment, or sleep, thereby increasing patient 

comfort and convenience. 

Tne preferred apparams also obviates the need fbr a patient to remember to 

take medicine. 
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The invenrion has been described with reference to specific examples. 
However, it will be appreciated by those skilled in the art that the invention may be 
embodied in many other forms. 
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We claim: 


L A substance delivery apparatus for use with a system for supplying 
breathable gzs to a human or animal, the apparatus including: 

means to measure the pressure of the supplied breathable gas; 

means to detect inhalation by the human or animal; and 

means to deliver the substance to the human or animal during inhalation at a 
pressure higher than the supplied pressure of the breathable gas. 

2. An apparatus as claimed in claim 1, wherein the substance is a 
medicinal substance. 

3 An anoaratus as claimed in claim 1, wherein the substance is in the 
form of a gas, mist, aerated suspension, jet, spray, gas mixture or the like. 

4. An apparams as claimed in claim 1, wherein tiie substance is delivered 

to the respiratory system of die human or animal. 

5 . An apparatus as claimed in claim 4, wherein the substance is delivered 

to the nasal airways of the human or animal. 

6. An apparams as claimed in claim 1, wherein the supplied breathable 
gas is pressurised above atmospheric pressure. 

7. An apparatus as claimed in claim 1, wherein the system for supplying 
breathable gas includes a pressurized gas flow generator in fluid communication with a 
mask worn by the human or animal via a flexible conduit, and the inhalation detection 
means includes an airflow sensor adapted to measure the volumetric flow rate of the 
breathable gas passing through the conduit and generate a first input signal indicative of 

the breafhable gas flow rate. 

8. An apparams as claimed in claim 7. further including a first amplifier 
to amplify the first mput signal into a second input signal also indicative of the 

breathable gas flow rate. 

9. An apparams as claimed in claim 7, further including a differentiating 
filter to derive the first signal into a third input signal indicative of acceleration or 


deceleration of the breathable gas to thereby indicate inhalation or exhalation 
respectively. 

10. An apparatus as claimed in claim 7, wherein the mask mciudes a gas 
washout vent to atmosphere and the airflow sensor is disposed downstream of the vent 
such that inhalation can be detected by sensing a reversal of the direction of the 
breathable gas flow through the vent. 

11. An apparatus as claimed in claim 10, wherein iniialation is detected by 
sensing an interruption of the breathable gas flow through the vent. 

12. An apparams as claimed in claim 1, further including means to 
measure the volume of the substance to be delivered to the human or animal. 

13. An apparams as claimed in claim 1, wherein the pressure measuring 
means is a pressure transducer connected to the conduit, said transducer being adapted 
to generate a fourth input signal indicative of die pressure of the breathable gas in the 
conduit. 

14. An apparams as claimed in claim 13, including a second amplifier to 
amplify the fourth input signal into a fifth input signal also indicative of the breathable 
gas pressure. 

15. An apparams as ciaimec in claim 1, wherem the substance delivery 
means is a positive displacement pump. 

16. An apparams as claimed in claim 15, wherein the positive 

displacement pump is a diaphragm pump, 

17. An apparams as clahned m claim 16, wherein the diaphragm pump is 
in fluid communication with a substance reservoir via a one-way valve adapted to allow 
the substance to only pass from the reservoir to the diaphragm pump. 

18. An apparams as claimed m claim 16, wherein die diaphragm pump is 
m fluid communication with the gas supply conduit via a one-way valve adapted to 
allow the substance to only pass from the diaphragm pump to the conduit. 

19. An apparatus as claimed in claim 16, wherein the diaphragm pump is 
displaced by a linear drive means. 
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20. An apparatus as claimed in claim 19, wherein the linear drive means 
is an electromagnet. 

2L An apparams as claimed in claim 16, wherein the diaphragm of the 
diaphngm pump is displaced by a rotary to linear convener driven by a rotary drive 
5 means. 

22. An apparatus as claimed in claim 21, wherein the rotary drive means 
is an electric DC motor, an electric AC motor, a stepper motor or a brushiess motor. 

23. An apparatus as claimed in claim 19, further including a first control 
system having input means adapted to aUow the input of a predetermined sixth input 

10 signal indicative of the volume of the substance to be delivered and a predetermined 
seventh input signal indicative of the amount by which the pressure of the delivered 
substance should exceed the pressure of the supplied breathable gas, said first control 
system being adapted to receive the second, third, fifth, sixth and seventh input signals 
and calculate and generate a first output signal indicative of the amount of displacement 

T5 of the linear or rotary drive means and a second output signal indicative of the direction 
of the displacement required to produce a negative or positive pumping pressure. 

24. An apparatus as claimed in claim 23, wherein a negative pumping 
pressure draws the substance from the substance reservoir into the pump and a positive 
pumping pressure expels the substance from the pump to the conduit and so to the 

20 human or animal. 

25. An apparatus as claimed in claim 24, wherein the first and second 
output signals are sent to a second control system adapted to* convert them into third 
and fourth output signals indicative of drive means displacement and dhrection 
respectively, the third and fourth output signals being compatible with the linear or 

25 rotary drive means. 

26. An apparatus as claimed in claim 25, wherein the input and output 

signals can be analog and/or digital. 

27. A method of delivering a substance to a human or animal being 
supplied with breathable gas, the method including the steps of: 


measuring the pressure of the supplied breathable gas; 
detecting inhalation by the human or animal; and 

delivering the substance to the human or animal during inhalation at a pressure 
higher than the supplied pressure of the breathable gas. 

28. A method as claimed in claim 27, wherein the substance is a medicinal 
substance. 

29. A method as claimed in claim 28, wherein the substance is in the form 
of a gas, mist, aerated suspension, jet, spray, gas mixmre or the hke. 

30. A method as claimed in claim 27, wherein the substance is delivered 
to the respiratory system of the human or animal. 

31. A method as claimed in claim 30, wherein the substance is delivered 
to the nasal airways of the human or animal. 

32. A method as claimed in claim 27, wherein the supplied breathable gas 
is pressurised above atmospheric pressure. 

33. A method as claimed in claim 27, including die steps of measuring the 
volumetric flow rate of the breathable gas with an airflow sensor and generating a first 
input signal indicative of the breadiable gas flow rate. 

34. • A method as claimed in claim 33. including die step of ampUfying the 
&st signal into a second signal also indicative of the breathable gas flow rate. 

35. A method as claimed in claim 33, including die step of differentiating 
the first signal into a third signal indicative of breathable gas acceleration or 
deceleration to indicate inhalation or exhalation respectively, 

36. A method as claimed in claim 27, including the step of measuring the 
volume of the substance to be delivered to the human or animal. 

37. A msdiod as claimed in claim 36, wherein the breathable gas pressure 
is measured widi a pressure transducer adapted to generate a fourth input signal 
indicative of die breathable gas pressure. 
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ss. A method as claimed in claim 37, including tlie step of amplifying the 
fourth input signal into a fifth input signal also indicative of the breathable gas 
pressure. 

39. A method as claimed in claim 27, wherein the substance is delivered 
5 to the human or animal using a positive displacement pump. 

40. A method as claimed in any one of claim 39, wberem the positive 
displacement pump is a diaphragm pump. 

41. A method as claimed in any one of claim 40, wherein the diaphragm 
pump is in fluid communication with a substance reservoir via a one-way valve adapted 

ic to allow the substance to only pass from tihe reservoir to die diaphragm pump. 

42. A method as claimed in claim 40, wherein the diaphragm pump is also 
in fluid communication with the gas supply conduit via a one-way valve adapted to 
allow the substance to only pass from the diaphragm pump to the conduit 

43. A method as claimed in claim 40, wherein the diaphragm pump is 
1 s displaced by a linear drive means. 

44. A method as claimed in any one of claim 43, wherein the Imear drive 

means is an electromagnet. 

45. A method as claimed in'claim 40, wherein* the diaphragm pump is 
displaced by a rotary to linear converter driven by a rotary drive means. 

20 46. A method as claimed in claim 45, wherein the rotary drive means is 

an electric DC motor, an electric AC motor, a stepper motor or a bnishless motor, 

47. A mediod as claimed in claim 43. fiirther including the steps of 
inputting the second, third, fourth, fifth input signals and a predetermined sixth mput 
signal indicative of the volume of the substance to be delivered and a prcdetennmed 

25 seventh input signal indicative of the amount by which die pressure of the delivered 
substance should exceed the pressure of the breathable gas into a fost control means 
and the first control system adapted to generating a first output signal mdicadve of die 
amount of displacement of the drive means and a second output signal indicative of die 
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direction of the displacement required to produce negative or positive pumping 
pressure. 

48- A method as claimed in claim 47, wherein a negative pumping 
pressure draws the substance from the substance reservoir into the pimip and a positive 
5 pumping pressure expels the substance from the pump to the conduit and so to the 
human or animal. 

49. A me±od as claimed in claim 48, further including the steps of 
inputting the first and second output sipals into a second control system and the second 
control system adapted converting them into third and fourth output signals indicative 
10 of drive means displacement length and direction respectively, the third and fourth 
output signals being compatible with the linear or rotary drive means. 
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ABSTRACT 

A substance delivery apparatus (10) for use with a system (12) for supplying 
breathable gas to a human or animal. The apparatus includes means (22) to measure 
the pressure of the supplied breathable gas means (22) to detect inhalation by the human 
or animal; and 

means (54, 56, 58, 60) to deliver the substance (52) to the human or animal 
during inhalation at a pressure higher than the supplied pressure of the breathable gas. 
A method of delivering a substance (52) is also disclosed. 
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DECLARATION: 

As the beiow named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original and first inventor of the subject matter which is claimed and for which a patent is 

sought on the invention entitled SUBSTANCE DELIVERY APPARATUS filed on , 1997, as 

Serial No. . 

The person(s) named as inventor(s) in this application is Michel CALLUAUD and Victor YERBURY 

I hereby state that I have reviewed and understand the contents ofihs above-identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application m 
accordance with Title 37, Code of Federal Regulations, § 1.56(a), as attached. 

I hereby claim foreign priority benefits under Title 35, United States Code. § 119/365 of any foreign apphcation(s) 
for patent of inventor's certificate listed beiow and have also identified below any foreign application for patent or 
inventor's certificate having a filing date before that of the application on the basis of which priority is claimed 
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I hereby claim the benefit under Title 35, United States Code, § 120/365 of any United States and PCT 
international application(s) listed below and, insofar as the subject matter of each of the claims of this application 
is not disclosed in the prior United States application in the manner provided by the first paragraph of Title 35. 
United States Code. § 112, I acknowledge the duty to disclose material information as defined in Title 31, Code of 
Federal Regulations, § 1.56(a) which occurred between the filing date of the prior application and the national or 
PCT international filing date of this applicafion. 
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business in the Patent Office connected therewith: 

Andrew D. Sorensen, Reg. No. 33,606; 
William L Kubida. Reg. No. 29,664; 
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William W. Cochran, Reg. No. 26,652; 
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Andrew D. Sorensen, Esq, 
HOLLAND & HART LL? 
555 17th Street, Suite 3200 
P 0. Box 8749 

Denver, Colorado 80201-8749 
Direct all telephone calls to Andrew Sorensen at (303) 295-8194. 

I hereby declare that ail statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true, and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 100 1 
of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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§ 1.56 duty to disclose information material to patentability. 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and 
the most effective patent examination occurs when, at the time an application is being examined, the Office is 
aware of and evaluates the teachings of all information material to patentability. Each individual associated with 
the filing and prosecution of a patent application has a duty of candor and good faith in dealing with the Office, 
which includes a duty to disclose to the Office ail information known to that individual to be material to 
patentability as defined m this section. The duty to disclose information exists with respect to each pending claim 
until the claim is cancelled or withdrawn from consideration, or the application becomes abandoned. Information 
material to the patentability of a claim that is cancelled or withdrawn from consideration need not be submitted if 
the information is not material to the patentability of any claim remaining under consideration in the application. 
There is no duty to submit information which is not material to the patentability of any existing claim. The duty to 
disclose all information known to be material to patentability is deemed to be satisfied if all information known to 
be material to patentability of any claim issued m a patent was cited by the Office or submitted to the Office in the 
manner prescribed by §§ 1.97(b)-(d) and L98. However no patent will be granted on an application in connection 
with which fraud on'the Office was practiced or attempted or the duty of disclosure was violated through bad faith 
or intentional misconduct. The office encourages applicants to carefully examine. 

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent 
application believe any pending claim patentably detlnes, to make sure that any material information contained 
therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to information 
already of record or being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of 
unpatentability of a claim: or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is 
unpatentable under the preponderance of evidence, burden-of-proof standard, giving each term in the claim its 
broadest reasonable construction consistent with the specification, and before any consideration is given to 
evidence which may be submitted in an attempt to establish a contrary conclusion of patentability, 

(c) Individuals associated with the filing or prosecution of a patent application within the meaning of 
this section are: 

(1) Each inventor named in the application: 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Each other person who is substantively involved in the preparation or prosecution of the 
application and who is associated with the inventor, with the assignee or with anyone to whom there is an 
obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing 
information to the attorney, agent or inventor. 
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